Abstract In the present study, spent Rhizopus arrhizus biomass was used for the removal of six azo dyes from aqueous solutions. The dye removal capacity of the biomass was evaluated by conducting batch tests as a function of contact time, biomass dosage, pH and initial dye concentrations. The pseudo-second-order kinetic model fitted well with the experimental data with correlation coefficients greater than 0.999, suggesting that chemisorptions might be the rate limiting step. The equilibrium sorption data showed good fit to the Langmuir isotherm model. Among the six dyes tested, the maximum monolayer adsorption capacity for fast red A and metanil yellow was found to be 108.8 and 128.5 mg/g, respectively. These encouraging results suggest that dead Rhizopus arrhizus biomass could be a potential biomaterial for the removal of azo dyes from aqueous dye solution.
Introduction
Azo dyes are characterized by the presence of one or more azo (-N=N-) bonds. Almost 10 9 kg of dyes are produced annually of which about 70 % represent azo dyes. Most of them, and their degraded products, such as aromatic amines, are also potential health hazards because of their mutagenic and carcinogenic properties (Crini 2006; Zaharia et al. 2012; Zhang and Ma 2013) . Azo dyes are bright in colours with high intensity and have fair to good fastness properties. In addition, they are available in wide range and have low manufacturing costs. Hence, these dyes are used in textile, pharmaceuticals, plastics, leather, paper, mineral oils, wax industries and even in selected food items and cosmetics. In the dyeing process, *10 % of dye is lost and released in wastewater, making the waterbodies coloured and contaminated with significant amounts of residual dyes (Anjaneya et al. 2013; Olukanni et al. 2009; Stolz 2001) . Colour is the first visible pollution in water bodies which hampers its aesthetic nature, cuts-off sunlight penetration, disturbs photosynthesis and causes chronic and acute toxicity (Aksu et al. 2007; Gupta and Suhas 2009) . The incorrect disposal of these effluents is a major environmental concern and of great threat to human and animal health. It is, therefore, mandatory to treat the dye bath effluents prior to discharge in the surrounding waterbodies. In addition, the treatment should be economic and ecofriendly.
Removal of azo dyes from aqueous effluents is difficult, as they are stable when they exposed to light and heat. Most of the dyes are biologically non-degradable because of their complex structures (Swamy and Ramsay 1999; Maas and Chaudhari 2005; Couto 2009 ). In general, chemical and physical treatments, such as coagulation, oxidation, ozonation, filtration, precipitation, membrane filtration and adsorption, have been used for the removal. Some of them are effective but suffer from limitations, such as high-energy costs, high-sludge production, etc. (Supaka et al. 2004; Hai et al. 2007) . Amongst other methods, activated carbon is the most preferred adsorbent to remove the traces of colour by the virtue of its easy operation (Foletto et al. 2012) . However, high operational cost has limited its usage (Gupta and Suhas 2009 ). Many research groups have explored the use of biosorbents derived from microbial biomasses, including algae, bacteria, and fungi as well as agricultural and industrial byproducts (Crini 2006) . The dead and dried biomaterials are preferred, as they gave comparable performance with easy recovery of sorbet without polluting the environment by releasing toxic by-products during operation (Tigini et al. 2011 ). Dead biomass is not affected by toxic waste or chemicals and does not require nutrients. They can thereafter be stored for longer periods at room temperature with little risk of putrefaction making them easy to use and transport. They are also available as a waste product from established industrial processes (Kapoor and Viraraghavan 1998) . Agricultural and industrial waste materials could also be used as low-cost adsorbents, which makes the process economic but also helps in the disposal of solid waste (Sadafa and Bhatti 2016; Sadafa et al. 2015a, b; Bhatti et al. 2015; Yang et al. 2013; Wang and Chen 2009) .
The overall economics of the biosorption process is mainly influenced by the cost of procuring/growing the biomass. The spent R. arrhizus biomass used in our study was obtained virtually free of cost from biotransformation studies done for the asymmetric synthesis of chiral carbinols using fungus R. arrhizus Chattopadhyay 2011, 2008) . This material was found to be an effective bio-material for the removal of trivalent actinides and fission products from low-level waste streams generated in the PUREX process (Dhami et al. 1998a (Dhami et al. , b, 2002 Tripathi et al. 2011 ). This biomass can also used as a compost to enrich the soil conditions. The preliminary studies showed a better germination of maize plant and also supported the growth of plant. Further studies on soil properties are in progress. In addition, this biomass being dead is also flexible to environmental conditions and toxicant concentrations, thus promotes eco-friendliness. In particular, fungal biomass is attractive, because many food and industrial fermentation processes can provide a cheap and constant supply of fungal biomass. For example, the lactic acid and fungal biomass by Rhizopus arrhizus were produced from food processing waste streams in a single-stage fermentation process (Jin et al. 2005) . Therefore, the use of spent R. arrhizus biomass was found to be resourceful considering its wide availability, inexpensive sourcing, processing and multi-pronged utility. Furthermore, it also addresses the concern of its disposal to some extent, thereby adding value to excel the process. Hence, its potential towards wastewater treatment was studied. In this regard, the biosorption of six azo dyes viz., amaranth, fast red A, congo red, tartrazine, metanil yellow and sunset yellow FCF were investigated by spent R. arrhizus biomass under varying operating parameters, such as contact time, biomass amount, pH and initial dye concentrations. The outcome of this study is presented in this communication.
These azo dyes are widely used for colouring natural and synthetic fibers, paper, wood, leather, cosmetics, food and pharmaceuticals, especially the shells of medicinal capsules and syrups (Perez-Urquiza and Beltran 2000; Shahmoradi et al. 2011; Anjaneya et al. 2013 Anjaneya et al. , 2011 . Due to their widespread use and low biodegradability (Avramescu et al. 2009 ), they induce a significant threat to human health and ecological systems. Dye amaranth is suspected to be a mutagenic, carcinogenic and genotoxic agent, and has been banned or restricted in several countries (Jabeen et al. 2013; Jadhav et al. 2013; Karkmaz et al. 2004 ). Exposure to the dye congo red has been known to cause allergic reactions (Bhattacharyya and Sharma 2004; Pavan et al. 2008) . It acts as a skin, eye and gastrointestinal irritant. It affects blood factors, such as clotting, and induces drowsiness and respiratory problems (Demirbas 2009 ). Due to the wide applicability of dye tartrazine in various industrial processes and its hydrophilic nature, its presence can be noticed as a yellow menace in effluents. It is considered to be highly toxic for humans as it acts as hyperactivity (Lockey 1977; Bhatia 2000) . It also causes asthma, migraines, eczema, thyroid cancer and other behavioural problems (Pohl et al. 1987; Moutinho et al. 2007; Gautam et al. 2015) . On oral consumption, dye metanil yellow causes toxic methaemoglobinaemia (Sachdeva et al. 1992 ) and cyanosis (Chandro and Nagaraja 1987) in humans, while skin contact results into allergic dermatitis (Hausen 1994) . It also has tumour-producing effects and can also create intestinal (Ramachandani et al. 1997 ) and enzymic ) disorders in human body. Though it is not mutagenic but can alter the expression of genes . Dye sunset yellow itself may be responsible for causing an allergic reaction in people with an aspirin intolerance resulting in various symptoms, including gastric upset, diarrhoea, vomiting, urticaria and swelling of the skin (Peiperl et al. 1995; Poul et al. 2009 ). Thus, dye pollution has a direct impact on human health and ecosystem. This causes a lot of concerns regarding its use and, therefore, its removal from aqueous solutions is essential. These results might be useful in ascertaining optimum conditions for the removal of dyes from industrial waste and also to establish the fact that the spent R. arrhizus biomass could be a potential biomass for the removal of these dyes from industrial effluents.
Materials and methods

Biomass
Spent Rhizopus arrhizus (wild type) biomass was obtained as a byproduct from the biotransformation studies. This waste biomass was then washed with distilled water and hot acetone (AR grade), dried in the oven to a constant weight, ground and sieved to particle size of 420 microns. The dry biomass was stored at room temperature and used for the sorption studies.
Instrumentation
Agitation was carried out on DBK-digital orbital shaker. The UV absorbance was measured on Helios a Spectronic Unicam spectrophotometer. The elemental analyzer, Vario Micro Cube, Elementar, Germany was used for elemental analysis. The IR spectra were recorded on the FTIR-4100 model, Jasco, Japan. The optical images were captured with a charge-coupled device, Axiocam MRC (Zeiss), camera at 6009 and 15009 (oil immersion) magnification on Carl Zeiss Axioscop microscope.
Dyes
Six widely used commercial azo dyes, viz., Amaranth (1), Fast red A (2), Congo red (3), Tartrazine (4), Metanil yellow (5) and Sunset yellow FCF (6) ( Table 1) were used as is.
Preparation of dye solutions
The stock solutions were prepared by dissolving 1.0 g of each dye separately in 1 L distilled water. The working solutions for each dye (concentration range 25-1000 mg/L) were prepared by successive dilutions of the corresponding stock solutions. The mixed dyes solution was prepared with equal concentrations of each of the six dyes (1-6) in the solution to give final concentrations between 25 and 1000 mg/L.
Batch experiments
Batch experiments were conducted to evaluate the effect of various parameters, such as contact time, biomass amount, pH and initial dye concentration on the adsorptive removal of these dyes. For optimization, 25 mL dye solution was taken in 100 mL conical flask, and agitation was carried out at 100 rpm, at ambient temperature without pH adjustment (natural pH 5.5-6.5). The aqueous layer was then filtered through a Whatman filter paper no. 1, and the absorbance of the filtrate was measured at the respective dye maxima. The measured absorbance values of solutions 
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Appl Water Sci (2017) 7:3041-3054 3043 before and after equilibrium were used to calculate the percent colour removal (% CR) by the biomass using Eq. (1), where Ai and Af are the initial and final absorbance of dye. Data represent an average of three independent experiments, and error bars indicate the standard error of the mean.
Optimization of sorption conditions
The biosorption conditions were optimized for each dye solution of concentration 100 mg/L (except the concentration effect). The effect of biosorption was measured in the time range of 5-360 min using 250 mg of biomass (except the dose effect). This optimized contact time was further used to find out the effect of biomass amount in the biomass range between 25 and 250 mg. The effect of pH on the biosorption was analyzed over the range of pH 2-10. The pH was adjusted using 0.1 N HCl or NaOH solutions.
Effect of initial dye concentration
The effect of initial dye concentration was studied in the concentration range 25-1000 mg/L at optimized conditions. The dye uptake per gram of biomass was calculated using Eq. (2), where q is the dye uptake (mg/g), V (L) is the volume of dye solution, Ci and Cf are the initial and final concentrations of dye in mg/L and M is the dry weight of the biomass in gram.
Adsorption kinetics
In batch experiments, the rate of sorption of a dye on the biomass was evaluated using different kinetic models: the pseudo-first-order, pseudo-second-order kinetics and intraparticle diffusion models. The pseudo-first-order Lagergren model (Lagergren 1898 ) is expressed by Eq. (3), where q and qt (mg/g) are the amount of dye adsorbed at equilibrium time and time t (min), respectively. k 1 (mg/g.min) is the Lagergren rate constant of the pseudo-first-order adsorption, calculated from the slope and log q from the intercept of the plot log (q-qt) against t.
The pseudo-second-order kinetic model developed by Ho et al. (Ho and McKay 1999; Ho and Wang 2004 ) is expressed by Eq. (4), where t is the contact time (min), q and qt (mg/g) are the amounts of dye adsorbed at equilibrium and at time t, respectively, k 2 is the pseudosecond-order constant (g/mg min) and k 2 q 2 = h is the initial adsorption rate (mg/g min). The second-order rate constants k 2 and q were calculated from the intercept and slope of the plot of t/q against t.
The intra-particle diffusion model (Weber and Morris 1962) is expressed by Eq. (5), where qt (mg/g) is the amount of dye adsorbed, k p (mg/g min 1/2 ) is a rate constant and C (mg/g) is the intra-particle diffusion constant. A plot of qt and the square root of the time give the rate constant (slope of the plot) and the intra-particle diffusion constant, i.e., intercept of the line which is directly proportional to the boundary layer thickness.
Adsorption isotherms
The experimental equilibrium data were analyzed using Langmuir (Langmuir 1918 ) and Freundlich (Freundlich and Heller 1939) models. The linear form of Langmuir isotherm is represented by Eq. (6), where Cf (mg/L) is the concentration of dye remaining in the solution at equilibrium, q (mg/g) is the amount of dye adsorbed per-unit weight of biomass at equilibrium, q m (mg/g) is the maximum sorption capacity corresponding to monolayer sorption on the surface and K L (L/g) is a Langmuir constant indicating affinity of dye towards the biomass.
R L is a dimensionless separation factor (McKay et al. 1982) which is an essential characteristic of Langmuir equation defined by Eq. (7), where Ci (mg/L) is the initial dye concentration. The value of R L indicates the type of isotherm to be either unfavourable (
The linear form of Freundlich isotherm is shown by Eq. (8), where K F (mg/g) and 1/n (dimensionless) are Freundlich isotherm constants that indicate the adsorption capacity and the adsorption intensity, respectively, and also indicate the favourability of the adsorption process.
Effect of salt concentration
This experiment was carried out using the mixed azo dye solution of concentration, 100 and 200 mg/L under optimized condition. The salt NaCl concentration was varied for 0-5 % w/v, and the extent of biosorption was assayed by spectrophotometer.
Desorption studies
Several dye loaded biomass samples were obtained from the adsorption experiments carried out with mix azo dye solution of concentration 100 mg/L under optimized condition. The dye-loaded biomasses were agitated separately with 25 mL of distilled water, 0.01 N HCl, 0.1 N HCl, 0.01 N NaOH and 0.1 N NaOH solutions for 15 min. The cell debris was removed by filtration, and the % colour desorption was estimated by spectrophotometer.
Result and discussion
Biomass surface characterization
The C, H, N, S analysis of Rhizopus arrhizus dead biomass is preliminary analysed using the graphite 120S combustion method. As presented in Table 2 , the percentage of organic carbon and nitrogen was found to be 44.8 and 5.2, respectively. The IR spectral analysis of native and dye-loaded R. arrhizus biomass is presented in Fig. 1 . The spent biomass showed the presence of amino, carboxyl, hydroxyl and phosphate groups on the biomass. The broad band at 3274 cm -1 indicated the existence of amine groups. The characteristic bands at 2923 and 2843 cm -1 showed the presence of alkyl chains. A band at 1710 cm -1 can be attributed for C=O of the carboxyl groups of amino acids. The amide band was primarily a C=O stretching mode that was centered at 1624 cm -1 . The combination of N-H and C-N stretching appeared near 1531 cm -1 , and the more complex amide band was located near 1372 cm -1 . Peaks at 1452-1408 cm -1 can be attributed to COO -of the carboxylate groups present in the biomass. The strong band at 1021 cm -1 was due to the C-O bond, a characteristic peak for polysaccharides. The absorption bands at 1144 and 941 cm -1 were for P-OH and P-O stretching, respectively, indicating the presence of phosphate groups in the biomass. All these fungal cell wall components may interact with the dye molecules via chemical interactions, electrostatic attractions and weak physical forces, such as hydrogen bonding and Van der Waals interactions, between aromatic rings of dye molecules and the polysaccharide of the biomass (Blackburn 2004) . The spectrum of the dye loaded biomass showed slight shifting of peaks from their position with alteration in intensity indicating the involvement of some functional group in the adsorption of dye ions on the surface of the biomass. The surface physical morphology of the biomass before and after dye biosorption was evaluated by optical microscopic images. As presented in Fig. 2 , the native biomass showed some cavities and micro-pores on the rough surface (Fig. 2a, b) . After the biosorption process, the biomass appeared to be rough with slight changes, as shown in Fig. 2c and d .
Effect of contact time
The removal of azo dyes by the biomass as a function of contact time is shown in Fig. 3 . Speedy decolourization of all dye solutions was observed within initial 15-20 min. After equilibrium, the sorption process became less significant and remained nearly constant. The rapid adsorption process signified a high degree of affinity of biomass for these dyes. The colour removal efficiency was found to be varied from 85 to 99 %. The maximum % CR for dye 3 and 2 was achieved within 30 and 60 min, respectively. For dyes 1, 5 and mixed azo dye solution, the maximum % CR was obtained within 120 min, while for dye 4 and 6, it took 240 min. This optimum contact time of each dye was kept constant in further studies for respective dye.
Effect of biomass amount
The effect of biomass concentration on % CR is summarized in Fig. 4 . It was observed that the dye removal efficiency increased with an increase in the biomass dosage from 100 to 250 mg due to the availability of more sorption sites (Garg et al. 2003) . The extent of colour removal varied from dye to dye, as a possible result of the structural variation of dyes. Dye 2 and dye 3 showed [95 % colour removal with 100 and 150 mg biomass, respectively, whereas 200 mg biomass was required for dyes 1, 4, 5, 6 and mixed 1-6 dye solution for maximum colour removal and kept constant for further studies. Beyond this there was no change in the dye removal efficiency due to the establishment of equilibrium between the dye molecules and the biomass (Sudha Bai and Abraham 2001). These data support the effectiveness of biomass as a sorbent for the removal of azo dyes from aqueous solution (Farah et al. 2007; Hamdaoui et al. 2008 ).
pH effect
As depicted in Fig. 5 , the adsorption of all six dyes showed maximum colour removal (97-99 %) up to pH 8, and thereafter, a significant decrease was noticed. At higher pH, negatively charged surface sites were unfavourable for dye adsorption due to possible electrostatic repulsion (Arami et al. 2006; Mall et al. 2005) . Therefore, the favoured pH range for the adsorption of these azo dyes was up to pH 8. The aqueous solutions of all these dyes have natural pH *6, and at this pH, maximum adsorption was observed.
Further sorption experiments were carried out at their natural pH. A pH lower than 4.0 could not be used for Congo red, as at this pH, the colour of this dye changes due to its structural characteristics.
Effect of initial dye concentration
The effect of the initial dye concentration on the adsorption capacity is illustrated in Fig. 6 . The adsorption capacity increased with an increase in dye concentration. At low initial dye concentration, the complete removal of dye was noticed due to the availability of sufficient adsorption sites to adhere with the dye molecules. The increase in the dye concentration with limited adsorption sites caused a decrease in the colour removal efficiency, but the participation of more dye molecules increased uptake.
Kinetic studies
Kinetic study provides adsorption mechanism and also predicts the rate at which a pollutant is removed from the waste solution. The rate-determining steps for the adsorption of azo dyes on fungal biomass were examined using different kinetic models (the pseudo-first-order, pseudosecond-order and intra-particle diffusion model), and their regression coefficients were compared. The plots of log (q-qt) against t of these azo dyes did not show any promising results, as data are scattered and showed deviation from straight line (figure not shown). The correlation coefficient obtained from the pseudo-first-order model was found to be less than that of the pseudo-secondorder model, and the calculated q values were not adequate with the experimental values, suggesting the insufficiency of the pseudo-first-order model for these azo dyes. This indicated a poor fit of the pseudo-first-order model to the experimental data.
A linear plot of t/qt against t for all six azo dyes indicated the best fit with the pseudo-second-order kinetic model (Fig. 7) . The values of equilibrium dye uptake q (mg/g) and equilibrium constant k 2 (g/mg min) obtained from the slope and intercept are represented in Table 3 . The data showed that the linear regression values (R 2 ) were near to unity, confirming that the sorption data obeyed the pseudo-second-order kinetics signifying that the chemisorptions might be the rate-limiting step.
The experimental data were also analyzed by the intraparticle diffusion kinetic model. According to this model, a plot of qt against t 1/2 should be linear if intra-particle diffusion is involved in the adsorption process and if line passes through origin, the intra-particle diffusion is the rate-controlling step. As shown in Fig. 8 , the plots appear as combination of two to more intersecting lines (Wu et al. 2000) . The first shaper portion represents the external surface adsorption or instantaneous adsorption. The second linear portion showed gradual adsorption stage, where intra-particle diffusion takes place, that is rate-limiting step. The third step is the final equilibrium stage, where intra-particle diffusion starts to slow down. As the second portion of plot did not pass through the origin, the intraparticle diffusion was not the only rate controlling step, indicating surface adsorption and intra-particle diffusion were likely to take place simultaneously. A similar type of results has been reported by other workers (Zhan et al. 2013; Yu et al. 2011) .
Adsorption isotherms
Adsorption isotherm is a basic requirement for designing the sorption system. It is used to understand the adsorption process and the interaction between the adsorbent to determine the adsorption capacity. The Langmuir isotherm model predicts the existence of monolayer coverage of dye onto a homogeneous surface with no interaction among the adsorbed molecules. The plot of equilibrium sorption data as per Langmuir isotherm (Cf/q against Cf) showed a linear relationship. One of these plots for mixed azo dyes is shown in Fig. 9 . The slope and intercept indicated the values of q max and K L, and are presented in Table 4 . This proved the monolayer sorption of dye on the homogeneous surface of biomass. The calculated R L values are presented in Fig. 10 and found to be in the range of 0 \ R L \ 1 for all dye concentrations Fig. 7 Pseudo-second-order kinetic plots for azo dyes adsorbed onto spent R. arrhizus biomass studied. This signified the favourability and suitability of the spent R. arrhizus biomass as a biosorbent for the removal of azo dyes under studied conditions. The Freundlich isotherm model assumes heterogeneous sorption sites with different energies of sorption. The values of Freundlich constant K F and 1/n, presented in Table 4 , were obtained from the linear form of Freundlich isotherms (log q against log Cf). Plot for mixed azo dyes is shown in Fig. 11 . The values of 1/n were found to be less than unity, indicating the favourable biosorption under studied conditions.
The high values of correlation coefficient (R 2 ) from both the models described the sorption process satisfactory. The relatively high values of R 2 from Langmuir isotherms showed the best fit with this model and furnished monolayer maximum adsorption capacities 47.0, 108.8, 49.0, 33.8, 128 .5, and 51.9 mg/g for dyes amaranth, fast red A, congo red, tartrazine, metanil yellow and sunset yellow FCF, respectively. The differences in the uptake capacities of azo dyes might be due to the differences in the structural properties of each dye. Thus, the ionic exchange and electrostatic attraction, structure of dye molecules and surface chemistry of fungal biomass could play an important role in dye biosorption on fungal biomass. The dye effluents contain a range of dyes; the decolourization of a single dye does not adequately indicate the suitability of the biomass for wastewater treatment. Therefore, to simulate dye house effluent, multicomponent dye solution (mixed dyes 1-6) was subjected for decolourization using spent R. arrhizus biomass. The maximum sorption capacity of 76.4 mg/g is obtained for multicomponent dye solutions adsorbed onto spent R. arrhizus biomass. It is nothing but the approximate mean of the maximum adsorption capacity values of individual six dyes. This suggested a direct competition mechanism among dyes for adsorption on the biomass surface, and no dye is preferentially bound onto the biomass. A similar conclusion was reported in earlier studies on the adsorption of reactive dyes from aqueous solution onto oven-dried R. arrhizus biomass (O'Mahonya et al. 2002) .
Effect of salt concentration
In general, dyes are applied to fabric in the presence of salt, mainly NaCl, to lower the dye solubility (Karcher et al. 2001) . Therefore, dye in wastewater is accompanied by a large amount of salt, which is likely to interfere with dye sorption. The effect of ionic strength (NaCl concentration, 0-5 %, w/v) on the biosorption of azo dyes is shown in Fig. 12 . The marginal reduction in the colour removal efficiency was seen. It was noted that an elevated ionic strength due to NaCl did not significantly interfere the binding of dye molecules to adsorption sites on the biomass. From a practical point of view, these results implied that the waste R. arrhizus biomass could be used for the removal of dyes from salt-containing wastewaters.
Desorption studies
Desorption studies helps to elucidate the mechanism of adsorption. It was found that the negligible amount of dye was desorbed with distilled water and acidic solutions. However, \75 % of dye was desorbed with 0.01 N NaOH, which did not change significantly with 0.1 N NaOH (Fig. 13) . The release of dye from the biomass with aqueous alkaline medium was easy and opposite to that of pH effect. The adsorption of dyes in an acidic medium and desorption in an alkaline medium showed that the ion exchange might be the major mode of adsorption. Desorption at higher pH may be explained on the basis of electrostatic repulsion between the negatively charged sites on the fungal biomass and the anionic dye molecules (Namasivayam et al. 1996 (Namasivayam et al. , 2001 ).
Comparison of adsorption capacity with other biosorbents
The adsorption capacities of azo dyes reported in this study were compared with several others biosorbents and summarized in Table 5 . The different adsorption capacities showed the dependence on the properties of individual adsorbent and the structural variation of the dye. From Table 5 , it was observed that in most of the reported studies, the maximum sorption capacity of these six azo dyes was obtained at acidic pH (between 2 and 3) and sometimes at different temperatures. However, this communication represents the sorption at natural pH of dye solution and ambient temperature. Spent R. arrhizus biomass furnished maximum sorption capacity for dye metanil yellow (128.5 mg/g) and dye sunset yellow FCF (51.9 mg/ g). Tamarind pod shells at pH 2 showed 65.04 mg/g maximum sorption capacity for dye amaranth, whereas spent biomass showed 47.0 mg/g at natural pH. In the case of dye acid red 88, 0.1 M HCl treated Azolla filiculoides biomass gave maximum sorption capacity (123.5 mg/g), while spent biomass showed 108.8 mg/g at natural pH and ambient temperature. Similarly, for dye congo red, Penicillium YW 01 and Bacterial Dietzia strain provided maximum adsorption capacity 411.53 and 170.34 mg/g, respectively, at pH 3 and 40°C. Hydrogen peroxide treated tendu waste furnished 134.4 mg/g and that of powdered eggshell provided 95.25 mg/g maximum sorption at pH 2. The untreated tendu waste showed 46.95 mg/g maximum sorption capacity at pH 6.2 which is comparable with that of sorption capacity with spent R. arrhizus biomass (49.0 mg/g) at natural pH and ambient temperature. For dye tartrazine, papaya seeds showed 51.0 mg/g maximum sorption capacity at pH 2.5, whereas spent biomass gave 33.8 mg/g maximum sorption capacity at natural pH and ambient temperature.
Thus, easily available spent R. arrhizus biomass has decolourization capability for the broad range of azo dyes under natural conditions with easy operation. The utilization of normal conditions for biosorption studies cannot be avoided for all practical reasons with respect to the scaling of the technology.
Conclusion
The present communication describes the biosorption of six azo dyes and their multicomponent solutions using spent R. arrhizus biomass. The efficiency of the biomass was evaluated by varying the contact time, adsorbent dose, pH and initial dye concentration, and it was found to have an effect on the dye uptake capacity of the biomass. The biosorption process followed a much better fit with the pseudo-second-order kinetic model with the correlation coefficient near unity. The analysis of the equilibrium experimental data by both Langmuir and Freundlich isotherm models indicated a positive adsorption. The equilibrium data fitted very well with the Langmuir adsorption isotherm, suggesting the monolayer coverage of dyes under the experimental conditions. The biomass had the ability to tolerate the presence of a co-pollutant, such as salt, and was also effective at lower dye concentration. The FTIR spectra and optical microscopic images of adsorbents are in support of the results obtained. The decolourization of multicomponent solution of these dyes mimics a dye house effluent, showing the practical utility of the process. The novelty of this investigation is that it was carried out at the natural pH values of the dye solutions and at ambient temperatures using spent R. arrhizus biomass. This report could prove to be one of the initial documented evidences to exhibit the development and implementation of cost-effective method for the removal of azo dyes from industrial effluents using waste material. The process can also be easily scalable for all practical applications.
